The endocrine cells of the human duodenal bulb were observed under the electron microscope in biopsy tissues taken by normal procedure and after luminal acidification.
The mucosal surface of the duodenal bulb is often attached with gastric juice either mixed with or free of food. The acidification of this portion causes a conspicuous augmentation of the intestinal secretion on one hand, and, on the other hand, inhibition of gastric acid secretion. Biliary and pancreatic secretion also is stimulated at the same time. Acidification of the duodenal bulb also results in a profound inhibition of acid secretion from the stomach and this inhibition is known to be mediated the most important point in the homeostatic control of the gastro-enteric pH levels and it is expected that a high population of endocrine cell types sensitive to lowered pH values might occur in the mucosal epithelium of this portion. Although a series of our previous papers documented the distribution of the endocrine cells in various parts of the human digestive tract, from the gastric fundus to the rectum, the duodenal bulb has remained unexamined. Recent progress in endoscopy has made it possible to biopsy mucosal tissue from this portion under a duodenofiberscope.
Immunofluorescence techniques have enabled the localization of certain hormones to certain gastro-enteric endocrine cells. Although some European authors attempted to identify the cells fluorescing under the light microscope with a cell type known by electron microscopy, this has often been inconvincible. Our research group granule release in the D cell of the canine pyloric antrum by acidifying its mucosal surface and proposed that the cell secretes an anti-acidic agent, such as secretin.
Also in human pyloric antrum infused with acid, we could find degranulation in the
In the present study we will demonstrate the types, fine structure and distribution of the endocrine elements in the human duodenal bulb and further report the responses of the cells to dilute hydrochloric acid infused for the purpose of identifying the cells producing anti-acidic hormones.
Material and Method
Observation of intact endocrine cells
The materials were obtained from 6 patients whose clinical diagnoses are shown in Table 1 . Two pieces of tissue were taken from the duodenal mucosa 1-3cm anal to the pyloric ring by biopsy after ascertaining, by duodenofiberscopy, that the site was free of pathological changes.
The tissues were fixed for 2hrs in 2.5% glutaraldehyde buffered at pH 7.4 with 0.1M phosphate, rinsed in the buffer mixed with sucrose (4%) for 30min and postfixed for 2hrs in 1% OsO4 in the phosphate buffer. After dehydration in a graded ethanol series and propylene oxide, the tissues were embedded in Epon 812. Sections were stained with toluidine blue and exafnined with a light microscope. Thin sections were stained with uranium acetate and Millonig's lead acetate and observed in a Hitachi HU 125 DS electron microscope.
Observation of the changes after duodenal acidification
In 4 patients, whose clinical diagnoses are shown in Table 2 , 40ml of 0.1N HCl (pH 1.5) were infused into the duodenal bulb within 1min using a duodenofiberscope. Light microscope observation revealed some mucosal structures which were characteristic of the duodenal bulb when compared with the lower portion of the duodenum.
The villi in this portion were small and the shallow crypts were connected with a large amount of duodenal gland through a thin mucosal muscular layer. Numerous basal-granulated cells (endocrine cells) were inlaid in the cryptal epithelium and occasional ones occurred also in the villous epithelium.
In the duodenal gland few endocrine elements were found by light microscopy.
It was obvious that the endocrine cells were much more numerous in this portion than in the descending portion of the duodenum and any other part of human intestines previously examined.
Most endocrine cells were pyramidal in shape and clearer in cytoplasmic appearance than the neighboring epithelial cells. Some cells contained dark green basal granules (chromaffine) while others simply blue stained granules. Every endocrine cell appeared to face the duodenal lumen (open type). By the use among the low microvilli of ordinary cryptal cells.
Electron microscope observation revealed at least 9 types of endocrine cells identifiable by reliance on the size, shape and electron density of their basal granules and other structural characteristics.
Although the designation may be unequivocal and tentative in a few of the types (vide infra), they will be called in this paper: EC, EClike, G, D, D1, L, S, M and A-like cells. Fine structures of every type of cell will be mentioned below.
D cell
The infranuclear cytoplasm of this cell is occupied by large, round granules are identical in ultrastructure with the pancreatic D cell granules (Fig. 1) . We identified considerable numbers of this type cell in the human duodenal bulb though fewer D1 cell with moderate electron density, most of which indicated finely granular texture like the granules of D cells. Mitochondria and relatively abundant cytoplasmic filaments were seen among these granules and rough surfaced endoplasmic reticulum was meager (Fig. 2) . The Golgi apparatuses were at the supranuclear portion and the microvilli were usually longer than those of neighboring cryptal cells. We found our D1 cell in the duodenal bulb as the most prevailing type of endocrine cells. Small numbers of cells could be identified with the D1 type in the photographs previously obtained in both human pyloric antral and lower duodenal mucosa.
L cell
This cell contains large, round granules of homogeneous texture and very high electron density and a few bundles of cytoplasmic filaments (Fig. 3) . Although the In the present material, however, some microvilli showed, at their end, a round swelling containing small vesicles (Fig. 4) . The significance of this structure is unknown. shape (Fig. 6 ). Although this cell is widely distributed in human gastric and intestinal mucosa as the predominant type of endocrine cells, we found it less frequently in the portion now examined than in the lower duodenum and jejunum. Other fine shape and electron density but were much smaller; a large clear space occurred between the core and the limiting membrane of the granule. A large number of small and elongate mitochondria characterized this cell also (Fig. 7) .
This cell whose occurrence in the duodenal bulb is sporadic, is most likely identical with the EC-like cell which was previously known to occur exclusively in the strated to be closed in type, i.e., devoid of a cytoplasmic process to the gastric lumen, the corresponding cell observed in the duodenal bulb of the present material is believed to be open in type.
Though its cytoplasmic process to cryptal lumen could not be demonstrated, the cell body was not flattened to the base of the epithelium and the ing a small number of vacuolated, typical G granules mingled enabled us to identify the cell with the G cell.
It is worthy to note that the G cell in the human antrum In some endocrine cells a cytoplasmic process which contained small vesicles was observed to protrude into the connective tissue through the basement membrane.
It often comes into contact with a cell in the connective tissue, but no specialized structure such as a tight junction is seen there. Figure 10 , for instance, shows an EC cell extending a tongue-like process to touch a probable lymphocyte.
As we could find none of such basal process in the ordinary cryptal epithelial cell, it seems to be peculiar to the endocrine cell, though its significance is not known.
II. The Effects of Acidification on the Endocrine Cells
After acidification of the duodenal bulb no changes such as depletion of basal granules were discernible under the light microscope.
Under the electron microscope, however, granule release by emiocytosis could be found in several types of endocrine cells in all the subjects infused with HCl. The cells which indicated this invaginations in the basal plasma membrane (Fig. 11-14 ) and, in a few cases, also in the lateral plasma membrane.
A granule of electron density a little lower than that of the intracellular granules was contained in the invaginations.
In the L cell shown in Figure 13 , for instance, the limiting membrane of a basal granule is fused with the basal plasma membrane and a very small orifice opens The granule substance appears vague in its peripheral zone and only the central core remains dense. This figure represents the first step of emiocytotic granule release. Occasionally, an extruded granule, keeping its original round shape but loosing its sharp outline, was seen in the space between the plasma membrane and basement membrane (Fig. 14) . A D1 cell showed a dumbbell-shaped invagination of the basal plasma membrane containing two basal granules (Fig. 12b) . This obviously indicates an emiocytotic granule release "in tandem" which has been known in some pancreatic endocrine cells (see Discussion).
sionally and, in some cases, the invaginated membrane itself was, entirely or partially, coated with bristles at its cytoplasmic face (Fig. 12a) .
None of the endocrine cell types in the non-infused subjects indicated a figure suggesting degranulation.
Discussion

Endocrine cells reacting to luminal acidification
The present study demonstrates that almost all of the hitherto known types of endocrine cells occur in the mucosa of the human duodenal bulb and their population was highest in this portion of the intestine. As shown in the barium test of the digestive tract, ingested food stays in this portion for a while, and the structure of 1973b) by the infusion of HCl into the lumen and it has been proposed that the D cell might be the source of secretin or a secretin-like hormone, considering that the occurrence of this type of cell well corresponded to the distribution of secretin and that the extracts of the pancreas which contains numerous D cells have a secretin-like acthis view by showing that the D cell in the duodenum, which is the site of the highest population of this cell in the human digestive tract, actively responds to the lowered pH of the mucosal surface.
indicated a few fluorescent cells in the human duodenum and jejunum which they assumed to be D1 cells. GIP, which seems to be identical with enterogastrone of when acid or fat is ingested into the duodenal lumen and then inhibits intensely group, however, seems to cover variant types of cells including equivocal G cells (containing atypical, small and solid granules, vide supra) and possibly M and S cells.
In the present study we carefully restricted the designation of D1 to those cells which contained moderately dense granules, smaller than the D cell granules but characteristically uneven in size, and were rich in cytoplasmic filaments. This identification of ours is based on our estimation that this type best corresponds to the original deour identification is now recognized in the human duodenal mucosa and also in the pyloric antrum, although in our previous papers we omitted describing its occurrence in those portions of the gut as it was not clear at that time whether it comprised an independent cell type. The present study indicates that this type of cell occurs most frequently in the duodenal bulb which was the predominant site for immunofluoresthe possibility that the D1 cell produces an anti-acidic agent, which might be GIP.
(1971) proposed L cell as the source of enteroglucagon and applied the name "EG (enteroglucagon) cell" to the L cell. But the immunofluorescent cell occurred only in the lower intestine and the immunoassay data also indicated the enteroglucagon activity mainly in the lower intestine, though the L cell has been demonstrated to be rather concentrated in the duodenum.
The hypothesis that the L cell is the source of enteroglucagon is thus not convincible enough.
In the human duodenum and jejunum we distinguished an A-like cell, which resembles, in the ultrastructure of the granules, the pancreatic A cell and not the L cell. We proposed then that this should be firstly taken into acconut as the source of detected as a minor fraction of glucagon-like immunoreactivity (GLI) in the intestinal a rather scanty distribution in the gut may represent the source of glucagon, together with the pancreatic A cell.
A large number of M cells were found in the human duodenal bulb and their (1972) discussed the connection of I cell, which seems identical with our M cell, with the hormone CCK-PZ from the correspondence of the distribution of the cell and the hormone. The degranulation of the M cell in response to the luminal acidification demonstrated in the present study indicates that it produces an anti-acidic agent.
The S cell is distributed widely in human gastric and intestinal mucosa. We previously found that this cell in the human pyloric antrum underwent granule 1973b) and presumed that it might contain an anti-acidic agent. In the present study, however, we could not find a figure indicating granule release in this cell. The S cells observed in this study were not numerous and it may be possible that we simply unfortunately could not hit an S cell under degranulation. Some authors considered the S cell as the source of secretin on the basis of their immunofluorescence studies which demonstrated the cells reactive against anti-secretion antibody in the human connection of secretin with the S cell seems to require further confirmation.
HCl-induced reduction of serotonin in the intestinal mucosa was described by DESNICK and GRAY (1962) and the depletion of the basal granules in the argentaffin cells simultaneously was demonstrated by Fontana-Masson staining.
Serotonin is known as a potent inhibitor of gastric acid secretion and it has been demonstrated 1971). Thus, in our study it was reasonable to expect granule release from the EC cell, but we could not obtain a figure suggesting it. We took the tissue 5min after intestinal mucosa 60min after the acid infusion. It is, therefore, possible that we took the specimen too early, even if the EC cell reacted to HCl.
Occurrence of the EC-like cell and G cell in the duodenum
The EC-like cell has been considered to be peculiar to the gastric fundus and the murine EC-like cell has been known to store histamine. of the dog and human subjects. The figure of two granules enclosed in a dumbbellshaped invagination of the plasma membrane is first demonstrated in this study in the gastro-enteric endocrine cell. Similar figures indicating the release of two or more secretory granules "in tandem" have been reported in cat pancreatic A cells mental case release of large amounts of glucagon or insulin, respectively, from the cells has been confirmed.
The granule release in tandem thus may be considered as a sign of accelerated release of secretory granules.
In the present study coated vesicles sometimes were seen in the vicinity of the releasing granules.
More distinct figures of attachment of the vesicles to the rein the EC cells after infusion of crude cholera enterotoxin into the rabbit duodenum.
Recently the possibility was proposed that the coated vesicles may serve to carry back the membrane of the releasing granules for its reutilization in the cell center vaginated membrane coated with bristles ( Fig. 12a) suggests one more possibility that the coating with bristles, which have been reported to contain a large amount of ATP, or attachment of coated vesicles may serve in actively squeezing out the granule substance.
